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two sites as seen in Fig. 2.5, if the electrical field (~) is sufficiently small (e~R« kT), the
polarizability of the solid becomes:
e 2R 2 1:1 1a(w) =--sech2(_)__
12kT 2kT 1+iun
(2.11)
where e is the charge and R is the spacial separation of the two sites of an ADWPC. The
real part of conductivity, cr, coming from the movement of an ADWPC from one
potential well to the other is Re[iwa(w)]. Therefore:
cr _ e 2R 2 2 1:1 W1:
----sech (-)---
w 12kT 2kT 1+(W1:)2
(2.12)
Upon the introduction of a distribution function, <1>(1:1, V), where 1:1 is the asymmetry
energy and V is barrier height (each having a cutoff energy I:1mand Vm), the ac
conductivity at low temperature is calCulated by summing the contributions from all the
ADWPCs in a unit volume. Therefore eqn (2.12) can be expressed as:
(2.13)
where N is the concentration of the ADWPs per unit volume. In order to calculate the
effective relaxation time t in eqn (2.13), the dominant charge movement is considered to
be that of a group of atoms from one configuration to the other. It is described as the
thermally activated "hopping" of the entire group of atoms over the ADWPC. In the
ADWP temperature range 1: is written as33 :
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which is approximated to:
/1 V~T:osech(-)exp(-)
2kT kT
(2.14)
(2.15)
where W 12 and W21 are the transition rates from position 1 to 2 and 2 to 1, respectively,
and 'to is a constant. It is assumed that V »kT.
The ADWP distribution function is commonly given by:
<1>(/1,V) =p(!1)g(v)
where
is used. Huklinger34 and Phillips35 also assume:
p(/1) =11/1 and g(V) =Vo-1 sech(VIVo)
(2.16)
(2.17)
(2.18)
where /1 is the average of the asymmetry energy /1 and Vois of the order of kTg where Tg
is the glass transition temperature.
The relaxation time t in eqn (2.15) can be rewritten as:
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(2.19)
holding that both V » kT and !:1 »kT. Therefore, the substitution of eqns (2.18) and
..
(2.19) into eqn (2.13) produces:
(2.20)
(2.21)
Gillroy and Phillips29 determined that eqn (2.21) can be expressed as:
(2.22)
(2.23)
(2.24)
where 11 = kTNo. Here B= 1 + 11 and notice that T·tanh(!:1m/2kT) varies as TO: at low
temperatures where ex is a constant. This full mathematical treatment was taken from Lu
and Jain28 •
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Fig. 2.1 Schematic specific volume-temperature for liquid, glass, and crystal. Tmp is the
melting point of the solid and Tg is the glass transition temperature (ref. I).
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Fig. 2.2 Fig. 2.2 Schematic illustrations of (a) the eRN model of B20 3, (b) the boroxol
ring model of B20), (c) the planar B)06 boroxol ring, and (d) the distorted B30 6
boroxol ring.
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Fig. 2.~ Schematic illustration of the modified eRN model for a modified silicate
'1
glass (ref. 24).
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Fig. 2.4 Conductivity spectra of N~O-3Si02glass at various temperatures. Labels (i),
(ii), and (iii) refer to a dc plateau region, an ADWP-like region, and a Jonscher
region respectively (ref. 27).
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Fig. 2.5 Schematic illustration of an asymmetric double-well potential.
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CHAPTER 3: OBJECTIVES
There has been no experimental work on the ac conductivity of fast ion
conducting glasses at low temperatures, especially in the ADWP region. Therefore the
purpose of this thesis is to investigate the low temperature ac conductivity of a fast ion
conducting glass system such as silver iodoborate. The specific objectives are:
1) Experimentally obtain the temperature and frequency dependence of
conductivity of silver iodoborate fast ion conducting glasses at low
temperatures.
2) Study the effects of doping salt (AgI) on the low temperature conductivity of
such glasses.
To accomplish these objectives the conductivity of silver iodoborate glass samples has
been measured from 5K to 300K at frequencies ranging from lOHz to 100kHz.
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CHAPTER 4: EXPERIMENTAL METHODS
4.1 Sample preparation
The fast ion conducting silver iodoborate glasses were prepared according to the
formula xAgI:(l-x)[Ag20*2B20 3] where x =0, 0.1, 0.2, 0.3, and 0.4 from reagent grade
AgI, Ag20, and B20 3 (Johnson Matthey, Ward Hill, MA). After mixing the appropriate
amounts of the compounds thoroughly (for approximately 24 hours), the mixture was
melted by heating to 700°C in a platinum crucible for 30 minutes. If the viscosity of the
glass was too high for pouring, the furnace temperature was then increased system-etically
in integrals of 25°C steps in order to decrease the melt viscosity and increase pourability.
The use of platinum crucibles resulted in more homogeneous melt glass samples than
that of alumina crucibles. The samples made using alumina crucibles showed
macroscopic clusters of silver that precipitated out of the melt. This problem was solved
by changing to a platinum crucible. The resulting melts were always homogeneous with
no signs of silver precipitation. After melting, glass samples were then splat quenched on
a copper plate and then immediately transferred to an annealing furnace for 30 minutes at
400°C. The swiftness of this transfer was found to be very significant. If the samples
were left out at room temperature too long (approximately 10 seconds), then the samples
would often crack or break in half due to the buildup of internal stresses generated during
cooling. Therefore, great effort was made in order to quickly splat quench and transfer
the sample to the annealing furnace. After annealing, the furnace was turned off for
cooling to room temperature.
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All the samples were tested to be free from any macroscopic defects such as
bubbles, cracks, voids, etc. The thickness of the resulting glasses was then measured with
a standard micrometer and recorded for conductivity calculations.
4.2 AC Conductivity Measurement
Gold film was evaporated on the top and bottom faces of the samples as
electrodes using Denton 501 evaporator. Flexible silver ink paste (Engelhard, East
Newark, NJ) was used to attach to 10 ~m silver wires onto the gold film. Samples were
mounted inside the gas flow He cryostat (RCIlO Cryogenic workstation) by soldering the
silver wires to the two cryostat leads of the sample mount. The electrical conductance, G,
and capacitance, C, was measured with a newly calibrated General Radio 1616 precision
capacitance bridge assembly in the frequency range of 10Hz to 100kHz at 5K up to 300K.
The raw data was converted to a by ~ultiplying G with the sample geometry factor (a =
G*d/S where d and S are the sample thickness and electrode area respectively).
The gas flow He cryostat is temperature controlled within an accuracy of 0.1K.
Average cooldown time from room temperature to 5K is about 40 minutes. Temperature
changes are made by adjusting the helium flow valve control knob or control heater in
the whole temperature range (5K to 300K). The temperature is controlled by a· PC
computer through the Lakeshore DRC 91 C temperature controller. Fig. 4.1 shows the
experimental set-up for electrical conductivity measurement. The temperature
dependence of conductivity was measured with increasing temperature and decreasing
frequency at the given temperature. The capacitance bridge was balanced for each
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frequency measurement and samples were given 15 minutes to equilibrate at each
temperature in order to obtain more results.
When decreasing the temperature from 300K to 5K the thermal coefficient of
expansion is a very important property to remember. One significant problem was the
buildup of stresses at the electrode-glass interface from this temperature drop. The silver
electrodes of the cryostat were soldered to the sample's silver wires which were pasted
onto the sample's gold film, therefore, when the temperature was dropped sometimes the
silver wires would contract slightly and either pull out of the silver paste or pull the silver
paste off the gold film, resulting in an open circuit. This problem was overcome by
increasing the length of the silver wire and bending the wire into a v-shape so the wire
could accommodate any stresses generated from this large temperature change.
25
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Fig. 4.1 Experimental setup for electrical conductivity measurement.
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CHAPTERS: RESULTS
The complete conductivity profiles of the xAgI:( 1-x)[Ag20*2B20 3] glasses where
x =0,0.1,0.2,0.3, and 0.4 are shown in Figs. 5.1 - 5.10. Figs. 5.1 - 5.5 show
conductivity vs. frequency at different temperatures whereas Figs. 5.6 - 5.10 show
conductivity vs. temperature at different frequencies. We note from anyone of Figs. 5.1 -
5.6 three types of responses: the first one being a straight line of slope - 1.0 through
varying data at a given temperature below - 50K. Even though some curves may appear
to be linear at higher temperatures, such as in Fig. 5.1 up to 150K, Figs. 5.2 and 5.3 up to
130K, and Figs. 5.4 and 5.5 up to lOOK, the average slope decreases from - 1.0 to values
less than 1.0 where the straight line fit becomes less accurate. However, it is the curves
with slopes::::: 1.0 (below - 50K) that are of highest interest because they have been
described by the ADWP modef8. Curves which have straight lines of lesser slopes,
commonly between 0.5 - 0.6, belong to the second type of response, the Jonscher
response36. These curves are seen in Fig. 5.1 at 230K, Fig. 5.2 at 200K, Fig. 5.3 at 170K,
Fig. 5.4 at 170 K, and Fig. 5.5 at 150K. As the temperature increases further, the average
slope of the curves becomes less steep and the response becomes more or less a flat line
(i.e. a dc-like plateau). This final response is found at moderately low temperatures and
low frequencies which grows with increasing temperature to include all of the
experimental frequencies. The dc-like plateau in Fig 5.1 increases from 10Hz to 50Hz at
230K to 10Hz to 2kHz at 300K. Fig. 5.2 shows a similar plateau at 200K from 10Hz to
200Hz which grows to include all experimental frequencies at 300K. Fig 5.3 shows a
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plateau at 170K from 10Hz to 50Hz which then grows to include all experimental
frequencies at 300K. Fig. 5.4 shows a plateau at 170K from 10Hz to 100Hz which then
grows to include all experimental frequencies at 300K. Finally Fig. 5.5 shows a plateau
at 150K from 10Hz to 200Hz which then grows to include all experimental frequencies at
300K.
We note again three types of responses from anyone of Figs. 5.6 - 5.10. The first
response has a very weak temperature dependence, resulting in an almost flat curve from
5K to -50K for a given frequency. The second response shows a much stronger
temperature dependence as evident by the quick increase in slope at temperatures> lOOK.
The third response is more difficult to see in this log (a) vs. log T plot, but nonetheless, it
is shown in Fig. 5.7 above 270K, Fig. 5.8 above 230K, Fig. 5.9 above 230K, and Fig.
5.10 above 200K. This response has a similarly large slope as the former, however, the
width of the frequency envelope is very thin, demonstrating a very weak frequency
dependence.
In summary, Figs. 5.1 - 5.5 show conductivity vs. frequency at different
temperatures for each glass composition. The first response representing the ADWP
frequency power law exists from 5K to 50K where the log a vs. log f plots are straight
lines with slopes B:::: 1.0. It is in this temperature region where ADWPCs dominate
conductivity and Bis calculated according to eqn (3.1) and displayed in Table 5.1. Bwas
calculated through a power law curve fit using KaleidaG~aph™ v3.0.4 software where the
lowest (10Hz and 20Hz) and highest frequency (50kHz and 100kHz) data of large
experimental error were sometimes omitted. The calculated average values of Bare listed
2~
for each glass composition in Table 5.1. As the temperature increases above 50K in Figs.
5.1 - 5.6 the curves deviate from a straight line and the "average slope" becomes less than
1 (as seen in Fig. 5.11) therefore signaling the end of the ADWP region and the
commencing of the Jonscher region (recall that the exponent s in eqn (2.4) is less than
1.0).
Fig 5.6 - 5.10 show conductivity vs. temperature at different frequencies for each
glass composition. Here also the ADWP temperature power law holds from 5K to - 50K
where log a vs. log T plots are straight lines with slope ex. :::: 0 - 0.15. From this
temperature region where ADWPCs dominate conductivity average ex. is calculated for
each glass composition and displayed in Table 5.2. Note that the average ex. values fall
within the boundaries of 0 - 0.3 cited by Lu and Jain28• ex. was calculated using the same
software used for calculating B, however, the temperature range included in analysis was
5K to 25K for which the power law curve fits gave the least error. Above 50K the effect
of Jonscher response is seen, which is characterized by a much stronger exponential
temperature dependence of conductivity as well as a weaker frequency dependence.
Fig. 5.11 graphically shows the values of the average slope of the log a vs. log f
plots against temperature. This figure shows that the ADWP mechanism for which where
B :::: 1, holds only in temperature range < 50K. A close up view of pin the ADWP region
is shown in Fig 5.12. From this analysis, Fig. 5.13 was constructed to show the
dependence of average Bon xAgI. From this figure no obvious trend is seen. It is noted,
however, that with the addition of AgI to the silver diborate composition (i.e. going from
x =0 to x =0.1) there is a distinguishable increase in average B. After this initial
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increase, the average B seems to remain constant at approximately 1.005 within
experimental error.
Fig. 5.14 graphically shows the values of ex plotted against frequency. For most
frequencies, ex is within the 0 - 0.1 range, however, for 10Hz, 20Hz, and 20kHz there is a
larger scattering in the data. These large scatters can be attributed to the limitation of the
frequency oscillator, the detector, and the inherent inaccuracy of the bridge assembly at
the frequency extremes. From this data Figure 5.15 was constructed to show the
dependence of average ex on xAgI, which appears to be independent of AgI content within
experimental error.
Fig. 5.16 is included to demonstrate the effect of xAgI on conductivity using the
data for 100Hz at various temperatures. One general observation that can be made is that
as the xAgI increases so does the conductivity at all temperatures. Another observation is
that the temperature dependence of conductivity increases with increasing temperature,
meaning that conductivity is more temperature dependent at high temperature than at low
temperatures.
The dc conductivity values were obtained by using the complex impedance
analysis of conductance (G) and capacitance (C) when appropriate. By assuming that the
electrical behavior of a glass can be described by an equivalent circuit composed of the
parallel connection of a resistor and a capacitor, the real (Z') and the imaginary (Z") parts
of complex impedance (Z*) are calculated from:
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(5.1)
The complex impedance plot (Z" vs. Z') consists of an arc as shown by Fig. 5.17. The dc
resistance (R) is given by the intersection of this arc with the Z' axis. The dc conductivity
is calculated by from R using ude =llR . (diS), where d and S are the sample thickness
and electrode area respectively. The dc conductivity is related to the dc activation energy,
Ede, by eqn (2.3). An arrhenius plot is shown for ude for various glass compositions in
Fig. 5.18. These plots were constructed from the calculated dc conductivity values at
different temperatures shown in Table 5.3. The dc conductivity values increase with both
temperature and doping salt content. Ede is given by the slope of the lines in Fig. 5.17 and
is shown in Table 5.4. From Table 5.4 we can say that the Ede values decrease with an
increase in doping salt content.
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x AveraQeBeta
0.0 0.972 +/- 0.014
0.1 1.007 +/- 0.003
0.2 1.003 +/- 0.019
0.3 1.019 +/- 0.013
0.4 1.009 +/- 0.004
Table 5.1 Average pvalues for various silver iodoborate fast ion conducting glasses of
x Average Alpha
0.0 0.021 +/- 0.040
0.1 0.036 +/- 0.035
0.2 0.024 +/- 0.019
0.3 0.055 +/- 0.010
0.4 1.009 +/- 0.004
Table 5.2 Average ex. values for various silver iodoborate fast ion conducting glasses of
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dc conductivity (ohm cm)I\-1
x 300 K 270 K 250 K 230 K 200 K
0.0 2.11 E-09
0.1 8.29E-08 7.13E-09 2.53E-10
0.2 4.831::-UO I.~bl::-UI 4. , ~1::-0ti LA' 1::-09
0.3
0.4 4.37E-06 9.36E-08
Table 5.3 Dc conductivity values at different temperatures for various silver iodoborate
fast ion conducting glasses of the type xAgI:(1-x)[AgzO*2Bz0 3].
x dc Activation Energies (eV)
0.0 N/A
0.1 0.509
0.2 0.411
0.3 N/A
0.4 0.350
Table 5.4 Dc Activation energies for various silver iodoborate fast ion conducting
glasses of the type xAgI:(rl-x)[AgzO*2Bz0 3]·
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CHAPTER 6: DISCUSSION
6.1 Characteristics of Various Conductivity Regions
From Figs. 5,1 - 5.10 we have observed three types of indepen"dent conductivity
responses inherent in our silver iodoborate fast ion conducting glasses. Knowing that the
temperature range tested is above that of the tunneling mechanism (2K), the tunneling
response can be eliminated. Therefore it can be concluded that the three types of
responses represent: 1) a dc-like plateau region 2) an ADWP region and 3) a Jonscher
region. These three independent responses can be better seen by the three dimensional
plot of O.2AgI:O.8[Ag20*2B20 3J shown in Fig. 6.1. The vertical axis is logea), the
horizontal axis on the left is frequency, and the horizontal axis on the right is temperature.
Three regions of conductivity are clearly evident: (i) the region where conductivity is
characterized by the strongest temperature dependence (as demonstrated by lines CE and'
DF in the a-T plane) and a near frequency independence (as demonstrated by the nearly
paraUelline EF in the a-fplane); (ii) the region where conductivity appears almost
constant with respect to temperature (as demonstrated by lines AC and BD in the a-T
plane) but increases rapidly with frequency (as demonstrated by lines AB and CD in the
a-f plane); (iii) the region where conductivity is characterized by a large temperature
dependence (as seen by the increase in the slope of the curve in the a-T plane
demonstrated by moving from AC and BD like lines to more CE and DF like lines) and a
weaker frequency dependence (as seen by the decrease in the slope of the curve in the a-f
plane demonstrated by moving from line AB to line CD).
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Fig. 6.1 displays two very different surfaces: one being the nearly horizontal plane
ABDC and the other being the nearly vertical plane CDFE. The vertical plane, or the
regions with a strong temperature dependence of conductivity (i.e the Jonscher and dc
plateau regions) have been widely studied36•38 • Here conductivity is governed by the
Jonscher eqns (2.4) and (2.5) when it is still frequency dependent, and by Arrhenius eqns
(2.3) when it is frequency independent. The horizontal plane, or the weakly
temperature/highly frequency dependent region (i.e. the ADWP region) has been
investigated only recently. Here conductivity is governed by a power law relation.
From the two very different surfaces shown in Fig. 6.1, we can conclude that the
mechanism for conductivity at higher temperatures is of a different origin than the
mechanism for conductivity at low temperatures. This is also demonstrated by Fig. 5.16
where at low temperatures (5 - 50K) there is only a small increase in conductivity with
increasing dopant concentration, however, at higher temperatures (l00 - 300K) there is a
much stronger increase in conductivity for the same AgI doping conditions. Therefore,
Figs. 6.1 and 5.16 confirm the fact that there are two independent mechanisms for
conduction for the temperature range tested (5 - 300K).
From the data collected in the present work and displayed in Figs. 5.1 - 5.10 we
have found that in region (ii) conductivity increases with both frequency and temperature
according to a power law relation (eqn (2.1)). Here the ion movements are described by
the excitations of a "jelly-fish" like motion of a group of atoms in an ADWP
configuration. The ADWP response is both temperature and frequency dependent,
however the frequency dependence is much greater than the temperature dependence
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since Pis greater than ex (Table 5.1 and 5.2). Lu and Jain28 have determined for a variety
of poorly conducting glasses that ex is between 0.0 - 0.3 and that Pis less than 1.15.
These results have been verified for the glasses studied (Table 5.1 and 5.2). While the p
values are comparable, it is noted that the ex values calculated in this work are consistently
smaller than those of Lu and Jain. This can be described by eqn (2.23) in the earlier
mathematical treatment of the ADWP mogel. From eqn (2.23) we know that the term
T·tanh(Lim/2kT), hence Lim' the asymmetry energy, determines the exponent ex. Since the
ex calculated in this work is less than that calculated by Lu and Jain, we can conclude that
the Lim is smaller in the present glass system. This smaller Lim results in a "softer" matrix
where the asymmetry in equilibrium positions is small. The "softness" of the matrix is
consistent with low activation energy for dc transport in the present glasses compared to
that in relatively insulating alkali silicate glasses.
When increasing temperature and moving from the ADWP region to the Jonscher
region, the frequency exponent should gradually change from Pin eqn (2.1) to s in eqn
(2.4) (i.e. the average value of the frequency exponent decreases from approximately 1 to
~ 0.5 - 0.6). When the frequency exponent is approximately 1, the ADWP response is
seen and the frequency response is linear. As temperature is increased above ~50K the
average frequency exponent decreases indicating the onset of a typical Jonscher region as
seen in Fig. 5.11. Therefore, we see that as temperature increases and we move from the
ADWP region to the Jonscher region, the frequency term becomes less dominant. A
parallel greater temperature dependence on conductivity is shown by Figs. 5.6 - 5.10
which demonstrate that conductivity is more temperature dependent at higher
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temperatures than at lower temperatures. This is also seen in Fig. 5.16 for all samples by
the small change in conductivity from 5K to lOOK (i.e. at low temperatures there is a
weak temperature dependence, typical of ADWP mechanism) and by the large jump in
conductivity above lOOK (i.e. at high temperatures there is a strong temperature
dependence, typical of ion hopping). Consequently, as temperature increases and we
move from the ADWP region to the Jonscher region, conduction is no longer described
by excitations of a "jelly-fish" like motion of a group of atoms in an ADWP configuration
but by ion movements which are thermally activated and characterized by single ion-hops
from one equilibrium position to another.
As temperature is increased above the Jonscher region, the dc-like plateau
becomes evident. The dc plateau is first seen at lower temperatures for glasses with
greater AgI content (i.e. compare Fig. 5.1 with Fig. 5.5). Its extent also increases in size
(i.e..the width of the frequency range) as the temperature is increased (see Fig. 5.5). It is
important to point out that the dc response is the only response seen above 200K for
higher silver iodide containing glasses due to the limited frequency range tested. If higher
frequencies were available, then we would see a change from a dc response to a Jonscher
response at even higher temperatures. Nonetheless, at higher temperatures where dc
plateaus and Jonscher responses were both evident, the average frequency exponent was
calculated by a power law curve fit. This was done because, unlike Lee et a1.37 , there was
no clear transition in Figs. 5.1 - 5.6 from a flat dc response to a Jonscher response. This
is most likely due to the low value of the dc activation energies for our fast ionic
conducting glasses compared to that for the sodium silicate glass for Lee et al.. Because
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our dc activation energies are low (0.3 - 0.5 eV) the ac activation energies are even lower
by eqn (2.6) (assuming s :::: 0.5 - 0.6). The very small ac activation energy values cause a
flattening of the curves thereby making the change from a flat dc response to a Jonscher
response difficult to determine. Therefore average slopes were used to determine the
frequency exponent in Fig. 5.11 when both a dc and a Jonscher response were evident.
The values of the frequency exponent therefore approach zero (pure dc response) with no
plateau at approximately - 0.5 - 0.6 as seen be Lee3? In addition, the dc conductivity
values found in Table 5.3 are slightly less than but of the same order (- 10-2 - 10-6 ohm-1
cm-I) as various other silver fast ion conducting glasses investigated by Minami et al. 39•
The dc activation energies shown in Table 5.4 are slightly higher, but still relate quite
well to the dc activation energies calculated by Minami et al. His calculations of dc
activation energies for various other silver fast ion conducting glasses produce values
ranging from 0.2 - 0.4 eV.
In summary, the following relation can be submitted for describing the frequency
and temperature dependence of conductivity of silver iodoborate fast ion conducting
glasses over a broad temperature range from about 2K to room temperature:
(6.1)
where
(6.2)
Here the first term on the right side of eqn (6.1) represents dc conductivity which is seen
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at low temperatures and low frequencies; its domination increases with temperature. The
second term is the Jonscher response which is found at similar temperatures but at higher
frequencies. It loses its domination to the dc behavior with increasing temperature. The
third term is ac conductivity which is determined by ADWPCs that are observable
between 2K and - 50K or at high frequencies. The ac dependence of the last two terms
differs because the exponent s in the former term is always less than 1, typically 0.5 - 0.6,
but the exponent Bin the latter term approximately equals 1.
6.2 Effect of AgI Doping
It is clear from Fig 5.16 that conductivity increases with increasing doping salt
content. This increase in conductivity with doping salt content is more evident at high
temperatures than at low temperatures and subsequently causes the onset of high
temperature conduction regions (i.e. Jonscher and dc plateau regions) to be seen at lower
temperatures for more highly doped glasses. This trend is evident for the Jonscher region
and is demonstrated by Fig. 5.11 where the average log a vs. frequency slope exponent
value ~ 0.55. This value is reached at 150K for x = 0.4 AgI, 170K for x =0.3AgI,
between 170 - 200K for x = 0.2 AgI, 200K for x = 0.1 AgI, and 230K for x = 0.0 AgI
specimens. The dc conductivity values in Table 5.3 show a similar trend: at a given
temperature an increase in doping salt causes an increase in conductivity. Furthermore,
the onset of dc conductivity is seen at lower temperatures for more highly doped glasses
as well. Figs. 5.1 - 5.5 show the dc-like plateau first becoming evident at 150K from
10Hz to 200Hz for x = 0.4 AgI, 170K from 10Hz to 100Hz for x = 0.3 AgI, 170K from
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10Hz to 50Hz for x = 0.2 AgI, 200K from 10Hz to 200Hz for x = 0.1 AgI, and 230K from
10Hz to 50Hz for x =0.0 AgI. Finally, the dc activation energies shown in Table 5.4
suggest that for more highly doped glasses the activation energy for conduction decreases,
thereby making conduction energetically easier for glasses with higher doping salt
content.
While Fig. 5.16 shows that the increase in conductivity with AgI content is
relatively small at low temperatures, there still is a definite increase. This suggests that in
the ADWP region, the number of ADWPCs is increasing with increasing amount of
doping salt. We recall from the earlier discussion of the structure of
xAgI:(l-x)[Ag20*2B20 3] glasses that for a simple borate glass the addition of the
network modifier Ag20 to a borate glass causes a progressive increase in the number of
B04- ions. Ag+ ions form links between neighboring B04- units in the form of O-Ag-O
bridges of the covalent nature. Furthermore, as the doping salt is added these borate
glassy regions are pushed further apart by bridges of the type O-Ag-I-Ag-O. Therefore
conduction in the ADWP region is linked to anyone of or a group of Ag+,
t, and B04- ions and we examine the ADWP power law (eqn (2.1)), namely ex and p, for
further clarification.
Fig 5.13 shows that with the initial addition of AgI to the silver diborate
composition (i.e. going from x =0.0 to x =0.1) there is a distinguishable increase in
average B. Since p=1 + 11 =1 + kTNowhere Vo is of the order of kTg, we can see that p
is inversely proportional to Tg' This increase in pseems appropriate since the Tg of fast
ion conducting glasses has been shown to decrease with the addition of AgI39. After this
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initial increase, the average Bseems to remain constant at approximately 1.005 within
experimental error.
According to Fig 5.15 the average IX appears to be independent of doping salt
concentration. From eqn (2.23) in the earlier mathematical treatment of the ADWP
model, we know that ~m determines the exponent IX. Thereby we can conclude that the
maximum asymmetry energy, ~m' is independent of the doping salt content. This tells us
that doping has no effect on the asymmetry in energy of the ADWPs. Lu and Jain28
concluded earlier for alkali germanate glasses that the asymmetry of ADWP increases
with increasing size of alkali ions which are the most important constituent of an ADWP.
Since in the present case the addition of large r- anions does not affect ex it appears that the
ADWPs in the present glass do not involve r- ions. Therefore we can conclude that it is
the Ag+ ions along with B04- ions, but not the r- ions, that are the dominant group of
atoms that move in the "jelly-fish" like motion in the ADWP configuration.
Finally, from eqn (2.23) where B= 1 +11 = 1 + kTNo, the value of p is predicted to
increase with increasing temperature. From Fig 5.12, we find that pseems to be
independent of temperature. LongS made some corrections, namely the fact that the
spacial distribution of ADWPCs is not random in glasses. If there is a non-random
distribution of ADWPCs due to structural inhomogeneities, then p= 1 + kTNo- 6kTNm'
Here the third term counteracts the temperature dependence of pfrom the second term,
making pslightly decrease with temperature. Once again from Fig 5.12, even though no
trend is obvious, a case could be made (especially for x =0.1, 0.2 and 0.4 AgI) that p
slightly decreases with temperature. It is obvious from Fig. 5.11 that over the entire
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temperature range tested (5K < T < 300K) the power dependence of frequency decreases
with increasing temperature, and therefore it could be argued that pshould decrease in the
ADWP region as well. This trend would then be supported by Long, however more data
in this small temperature range would be helpful to clarify this conjecture. Overall we
find that the ADWP response describes very well the conductivity at very low
temperatures and that power law successfully relates conductivity, temperature and
frequency in this region.
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Fig. 6.1 Three dimensional plot of temperature and frequency dependence of ac
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CHAPTER 7: CONCLUSIONS
From the present conductivity data for xAgI:(l-x)[Ag20*2B20 3] where x =0, 0.1,
0.2,0.3, and 0.4, three types responses are seen in the temperature range 5K < T < 300K.
They can be classified as the ADWP response, the Jonscher response, and a dc plateau
response.
1) ADWP Response:
• The ADWP model correctly describes the experimentally determined
power law dependence of ac conductivity on temperature and frequency in
the temperature range of 5K to - 50K and frequency range of 10Hz to
100kHz. It considers ion movement as being a "jelly-fish" like motion of
a group of atoms where Ag+ and B04- ions, but not t ions, are the key
constituents.
• The initial addition of AgI produces a distinguishable increase in B, but
further addition of AgI does not affect B. The addition of doping salt has
no clear effect on lX.
2) Jonscher Response:
• The Jonscher formalism describes well the dependence of ac conductivity
on temperature and frequency in the temperature range - 150K - 230K and
frequency range of 10Hz to 100kHz. This response occurs at lower
temperatures for more AgI doped glasses.
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•
3) Dc plateau Response:
• A nearly frequency independent conductivity is observed at high
temperatures - > 230K , which is identified as dc conductivity. Itgains
dominance over the Jonscher response with increasing temperature. The
dc-like plateau is first seen at lower temperatures for more highly AgI
doped glasses. It grows in width with increasing temperature at the
expense of the Jonscher region.
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